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FACTORS INFLUENCING THE FREQUENCY OF NEST PARASITISM BY
BROWN-HEADED COWBIRDS IN THE NORTHERN SIERRA NEVADA
Kathi L. Borgmann1 and Michael L. Morrison2
ABSTRACT.—Nest parasitism by Brown-headed Cowbirds (Molothrus ater) can negatively affect host populations.
Landscape-scale factors, such as proximity to residential areas, equestrian riding stables, and grazing allotments, can
affect the risk of nest parasitism as well as the abundance of Brown-headed Cowbirds. Recent increases in residential
and recreational development along with a reduction in grazing allotments in the northern Sierra Nevada provide an
opportunity to reevaluate factors that influence frequency of nest parasitism by Brown-headed Cowbirds. Frequency of
nest parasitism increased as the distance to the nearest residential center and distance to the nearest equestrian riding
stable decreased. Similarly, Brown-headed Cowbird abundance was negatively correlated with distance to the nearest
residential center and distance to the nearest equestrian stable. To reduce the risk of nest parasitism, efforts should be
devoted to (1) reducing further residential development at the wildland–urban interface and (2) educating landowners
about bird feeders, which frequently attract Brown-headed Cowbirds.
Key words: nest parasitism, Brown-headed Cowbird, Molothrus ater, Sierra Nevada, Lake Tahoe.

Nest parasitism by Brown-headed Cowbirds
(Molothrus ater) often reduces reproductive
success of the host species (Brittingham and
Temple 1983, Zanette et al. 2007). Nest parasitism has also been implicated in population
declines of several species, including Southwestern Willow Flycatcher (Empidonax traillii
extimus), Warbling Vireo (Vireo gilvus), and
Least Bell’s Vireo (Vireo bellii pusillus) (Brittingham and Temple 1983, Kus 1999, Whitfield
et al. 1999, Purcell 2006). Due to the potential
reduction in reproductive success as a result
of nest parasitism, attention has been directed
at determining the factors affecting spatial and
temporal variation in the risk of nest parasitism.
These factors may include spatial and temporal
variation in host density, host species richness,
or Brown-headed Cowbird abundance (Robinson et al. 1995, Barber and Martin 1997, Purcell
and Verner 1999, Tewksbury et al. 1999). Other
landscape-scale factors, such as proximity to
forest edges, urban centers, residential areas,
equestrian riding stables, grazing allotments,
and campgrounds, can also affect the risk of nest
parasitism as well as the abundance of Brownheaded Cowbirds (Verner and Ritter 1983,
Rothstein et al. 1984, Young 1994, Robinson et
al. 1995, Goguen and Mathews 1999, Morrison
and Hahn 2002, Tewksbury et al. 2006, Howell

et al. 2007, Rodewald 2009). In the eastern
United States, for example, Brown-headed
Cowbird abundance often increases with the
amount of edge habitat and degree of forest
fragmentation (Thompson and Dijak 2000,
Thompson et al. 2000, Howell et al. 2007).
Although landscape features, such as degree
of fragmentation and amount of forest cover or
edge habitat can affect Brown-headed Cowbird
abundance, factors related to foraging resources
may be more tightly linked to Brown-headed
Cowbird abundance (Rothstein et al. 1984,
Thompson 1994, Goguen and Mathews 1999,
Morrison and Hahn 2002, Tewksbury et al.
2006). Brown-headed Cowbirds are frequently
associated with cattle, horses, and grazing allotments, because these areas provide rich foraging
opportunities (Rothstein et al. 1984). Residential
areas also provide foraging opportunities (Verner
and Ritter 1983, Airola 1986), and proximity to
residential areas may consequently influence
Brown-headed Cowbird abundance.
Within the Lake Tahoe Basin Management
Unit (administered by the USDA Forest Service), urbanization and secondary residences
have increased throughout the landscape
while grazing allotments have been eliminated
(Murphy and Knopp 2000, Manley et al.
2009). Although grazing allotments have been
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eliminated, 3 equestrian riding stables (hereafter, riding stables) remain in operation along
the south and east shores of Lake Tahoe,
providing rich foraging opportunities for Brownheaded Cowbirds. Residential areas also provide rich foraging opportunities (e.g., bird
feeders) that often attract Brown-headed Cowbirds (Airola 1986).
We addressed landscape-scale features previously shown to influence both the frequency
of nest parasitism and the abundance of Brownheaded Cowbirds. These features include
elevation (Purcell and Verner 1999), distance to
residential centers (Verner and Ritter 1983,
Airola 1986, Chace et al. 2003), and distance to
riding stables (Verner and Ritter 1983, Rothstein et al. 1984). Specifically, we asked (1) if
elevation, distance to residential centers, or distance to riding stables influenced the abundance of Brown-headed Cowbirds and (2) if
cowbird abundance, distance to residential centers, or distance to riding stables influenced the
frequency of nest parasitism at 16 sites throughout the Lake Tahoe Basin in the Sierra Nevada.
Studies conducted prior to the mid-1980s
in the Sierra Nevada reported relatively low
frequencies of nest parasitism and Brownheaded Cowbird abundance (Rothstein and
Verner 1980, Verner and Ritter 1983). Although Brown-headed Cowbirds first appeared
in the Yosemite Valley in 1934, detections
were rare (Rothstein and Verner 1980). Recent
studies have shown an increase in Brownheaded Cowbird populations and frequency of
nest parasitism (Purcell 2006). Thus, in response
to increasing numbers of Brown-headed Cowbirds and increasing changes in the landscape
due to residential and recreational activities,
we reevaluated factors that can influence
abundance of Brown-headed Cowbirds and
frequency of nest parasitism in the Sierra
Nevada.
STUDY AREA
We conducted surveys in riparian areas and
montane meadows located within the USDA
Forest Service Lake Tahoe Basin Management
Unit, in South Lake Tahoe, California. The
Lake Tahoe Basin is characterized by mountainous terrain surrounding a glaciated valley
in the northern Sierra Nevada. Land uses
within the Lake Tahoe Basin consist of a mix
of permanent residences, secondary residences,
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commercial developments, and small-scale
industries, as well as uses related to recreation
and tourism (trails, riding stables, and visitor
centers). For a full description of land uses see
Manley et al. 2009. Land ownership is mixed:
78% federal, 8% state, 1% local, and 13% private
(Nechodom et al. 2000). Although much of the
Lake Tahoe Basin is under public ownership,
forested patches and native vegetation are
embedded within developed areas (Manley et
al. 2009).
We monitored abundance of Brown-headed
Cowbirds and frequency of nest parasitism at
16 meadow and riparian sites within the Lake
Tahoe Basin ranging in elevation from 1600 to
2390 m. We selected our study areas as part of
a larger wildlife restoration and monitoring
project (Borgmann and Morrison unpublished
data). We monitored 5 meadow sites that
ranged in size from 10 to 20 ha. Willows (primarily Lemmon’s willow [Salix lemmonii] and
Geyer willow [Salix geyeriana]), grasses, sedges
(Carex spp.), rushes ( Juncus spp.), and herbaceous flowering plants occurred within each
meadow study site. Mixed conifer forest consisting of lodgepole pine (Pinus contorta),
white fir (Abies concolor), and Jeffrey pine
(Pinus jeffreyi) surrounded each montane meadow. Small patches of quaking aspen (Populus
tremuloides) also occurred along the edges
of meadows. We also monitored 12 riparian
study sites containing willows and mountain
alder (Alnus incana tenuifolia) adjacent to a
stream with mixed conifer forest (lodgepole
pine and white fir) in the uplands bordering
the riparian area.
METHODS
We established avian point-count stations
to estimate Brown-headed Cowbird abundance
around the perimeter of each meadow site and
along the stream channel at riparian sites. We
established point-count stations 200–250 m
apart at each site. The number of point-count
stations at each site varied by the size of the
meadow and riparian area. We surveyed each
site 3 times separated by one week during
June 2004–2008; however, we did not survey
all sites in every year of the study (Table 1).
Variation in annual surveys at each site was
due to changes in funding priorities and the
addition of study sites for restoration projects.
Point counts began 15 minutes before sunrise
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TABLE 1. Average number (SE) of Brown-headed Cowbirds detected at point-count stations from 2004 to 2008 at
meadow and riparian study sites in the Lake Tahoe Basin, California.
Site
Burton Creek
Big Meadow
Blackwood Creek
Cookhouse Meadow
Fountain Place Meadow
General Creek
Grass Lake Meadow
High Meadow
Meeks Creek
McKinney Creek
Sunset Reach Creek
Upper Truckee Meadow
Tallac Meadow
Trout Creek
Taylor Meadow
Ward Creek

2004

2005

2006

2007

2008

10.0 (2.3)
6.3 (2.0)
5.6 ( 0.3)
2.3 (0.9)
—
7.0 (2.0)
2.3 (0.7)
—
13.3 (2.9)
7.0 (1.0)
—
6.0 (0.0)
10.3 (2.3)
—
12.3 (1.8)
7.3 (1.5)

—a
1.7 (0.9)
—
0.0 (0.0)
—
—
1.3 (0.9)
—
—
—
—
—
—
—
—
—

6.3 (1.5)
2.3 (0.3)
6.7 (1.2)
2.7 (0.3)
1.3 (0.9)
7.7 (1.9)
1.0 (0.0)
3.7 (0.3)
11.0 (1.5)
2.0 (1.0)
7.3 (1.3)
—
4.7 (1.3)
—
7.7 (2.4)
1.0 (1.0)

—
3.0 (1.0)
2.3 (1.2)
2.7 (0.7)
4.0 (0.6)
7.3 (1.3)
0.7 (0.3)
3.7 (0.9)
8.3 (2.3)
1.7 (1.2)
—
—
—
—
—
—

—
0.3 (0.3)
—
1.3 (0.7)
0.7 (0.3)
—
—
0.7 (0.7)
—
—
5.3 (1.5)
5.0 (1.2)
11.7 (1.2)
2.7 (0.9)
—
—

aDashes indicate that the site was not surveyed.

and finished no later than 4 hours after sunrise.
Observers recorded all birds seen or heard
within 50 m of the point-count station for 10
minutes at each point. Observers did not conduct point counts during inclement weather
(e.g., precipitation or wind >9 km ⋅ h–1). We
calculated average Brown-headed Cowbird
abundance by dividing the total number of
Brown-headed Cowbirds detected across all
point-count stations by the number of visits
for each year.
We searched for and monitored nests of 7
focal species: Willow Flycatcher, Dusky Flycatcher (Empidonax oberholseri), Warbling
Vireo, Yellow Warbler (Dendroica petechia),
MacGillivray’s Warbler (Oporornis tolmiei),
Wilson’s Warbler (Wilsonia pusilla), and Song
Sparrow (Melospiza melodia) to quantify the
frequency of nest parasitism by Brown-headed
Cowbirds. We chose to monitor these species
for several reasons: (1) they typically nest <5
m from the ground, which allows for easier
observation of nest contents; (2) some are
species of concern (e.g., Willow Flycatcher,
Yellow Warbler) within the Lake Tahoe Basin;
(3) they are associated with riparian and
meadow communities; and (4) they are known
Brown-headed Cowbird hosts (Purcell and
Verner 1999). We monitored nests every 3–5
days until nest outcome could be determined.
We considered a nest parasitized if we detected
the presence of a Brown-headed Cowbird egg
or nestling. We calculated frequency of nest
parasitism by dividing the number of nests
found containing a Brown-headed Cowbird

egg or nestling by the total number of nests
found per species at each site in each year.
We used land-cover data provided by the
Tahoe Regional Planning Agency to determine
the location of residential areas and riding stables surrounding Lake Tahoe (Tahoe Regional
Planning Agency 2004). Land-cover data was
divided into polygons based on land uses.
Residential polygons were classified as areas
within current residential neighborhoods,
areas within the urban boundary that are serviced by utilities, and areas serviced by commercial and public facilities (Tahoe Regional
Planning Agency 2004). To determine the
distance from our study sites to the nearest
residential area and riding stable, we used
ArcMap version 9.1 to measure the distance
from each study site to the center of the closest
residential or riding stable polygon.
Statistical Analyses
We used general linear models to determine
if current features of the landscape, in particular
residential areas and riding stables, influenced
(1) Brown-headed Cowbird abundance (model
1: Brown-headed Cowbird abundance = distance to residential centers + distance to riding
stables + year) and (2) frequency of nest parasitism (model 2: frequency of nest parasitism =
distance to residential centers + distance to
riding stables + Brown-headed Cowbird abundance + species + year). Although Brownheaded Cowbird abundance has been shown to
vary with elevation (Purcell and Verner 1999),
we did not include elevation in our models
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Fig. 1. Brown-headed Cowbird abundance was negatively correlated with distance to the nearest residential center in
the Lake Tahoe Basin, California.

Distance (km) to the nearest equestrian riding stable

Fig. 2. Brown-headed Cowbird abundance was negatively correlated with distance to the nearest riding stable in the
Lake Tahoe Basin, California.

because elevation was correlated with distance
to residential centers (r = 0.955). Distance to the
nearest residential center and distance to
the nearest riding stable were uncorrelated (r
= 0.406). We included year as a covariate in
model 1 and year and species as covariates
in model 2. To improve normality, we squareroot transformed Brown-headed Cowbird abundance and arcsine square-root transformed the
percent of nests parasitized. All statistical analyses were performed using SAS version 9.2 (SAS
Institute 2008) with α = 0.05.

RESULTS
Brown-headed Cowbird abundance varied
across years and sites (Table 1). Average Brownheaded Cowbird abundance was greatest at
Meeks Creek and Taylor Meadow (Table 1).
All study sites were located within 12 km of
the nearest residential center (3.20, SE = 2.27,
range 0.44–7.33), and 9 sites were located
within 12 km of the nearest riding stable
(14.27, SE = 6.57, range 1.38–26.65). Brownheaded Cowbird abundance was influenced
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Frequency of nest parasitism
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Distance (km)

Fig. 3. Frequency of nest parasitism of 7 species was negatively correlated with distance to the nearest residential
center (solid line) and riding stable (dashed line) in the Lake Tahoe Basin, California.
TABLE 2. Number of nests monitored from 2004 to 2008
and the frequency of nest parasitism for 7 species at
meadow and riparian study sites in the Lake Tahoe Basin,
California.
Species
Warbling Vireo
Willow Flycatcher
Dusky Flycatcher
MacGillivray’s Warbler
Wilson’s Warbler
Yellow Warbler
Song Sparrow

Number of
Frequency of
nests monitored parasitism (%)
224
4
258
58
221
49
24

12.9
0.0
5.0
36.2
33.0
30.6
29.2

by distance to residential centers and riding
stables, after controlling for differences in
abundance across years (F6, 45 = 11.28, P <
0.001). Abundance of Brown-headed Cowbirds increased with decreasing distance to
residential centers (F1 =17.82, P < 0.001; Fig.
1) and distance to the nearest riding stable (F1
= 5.12, P = 0.029; Fig. 2).
We monitored 838 nests of 7 species from
2004 to 2008, of which 19% (158) were parasitized by Brown-headed Cowbirds. Frequency
of parasitism varied by host species (Table 2),
from 5% in Dusky Flycatchers (n = 258) to
36% in MacGillivray’s warblers (n = 58). The
frequency of Brown-headed Cowbird nest
parasitism was influenced by distance to the
nearest riding stable and distance to the nearest residential center, after controlling for differences among years and species (Table 3). In

TABLE 3. General linear model results of the effects of
Brown-headed Cowbird abundance, distance to residential
centers, and distance to riding stables on the frequency of
nest parasitism. Frequency of nest parasitism by Brownheaded Cowbirds was influenced by distance to residential
centers and riding stables in the Lake Tahoe Basin, California.
Variable

df

F

P

Average number of cowbirds
Year
Species
Distance to residential center
Distance to riding stable

1
4
6
1
1

2.65
0.94
4.83
5.81
11.22

0.106
0.442
<0.001
0.017
0.001

particular, the frequency of Brown-headed
Cowbird nest parasitism increased with decreasing distance to the nearest riding stable and
residential centers (Table 3, Fig. 3). Nest parasitism frequency also increased marginally
with increasing Brown-headed Cowbird abundance (Table 3).
DISCUSSION
In the Lake Tahoe Basin, Brown-headed
Cowbird abundance increased with decreasing
distance to residential centers and riding
stables. We also found that frequency of nest
parasitism increased with proximity to residential centers and riding stables. Similarly,
Brown-headed Cowbird abundance and risk
of nest parasitism has increased in other
urbanizing landscapes (Chace et al. 2003,
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Burhans and Thompson 2006, Tewksbury et al.
2006, Rodewald 2009). Increased abundance
of Brown-headed Cowbirds is likely the result of
increased foraging opportunities (e.g., bird
feeders and livestock) in residential areas and
near riding stables (Verner and Ritter 1983,
Rothstein et al. 1984, Airola 1986, Goguen and
Mathews 1999, Morrison and Hahn 2002,
Chace et al. 2003). More than 80% of respondents to a survey reported that they feed
wildlife around their home, and 96% of those
reported feeding birds (USFWS and Census
Bureau 2006). Bird feeding may contribute
to increased foraging opportunities for Brownheaded Cowbirds; however, we lack the data
to quantify the direct effects of bird feeders on
Brown-headed Cowbird abundance. Teasing
apart the effects of residential areas versus
riding stables on Brown-headed Cowbird
abundance is also complicated by the fact that
riding stables are located near residential areas.
However, both residential centers and riding
stables are likely contributing to increased
abundance of Brown-headed Cowbirds in the
Lake Tahoe Basin.
Because an increase in foraging sites (e.g.,
bird feeders, urban lawns, and riding stables)
at the wildland–urban interface can increase
the risk of parasitism for birds nesting near the
wildland–urban interface (Chace et al. 2003),
we suggest educating landowners about the
potential problems of attracting Brown-headed
Cowbirds by feeding birds within the wildland–urban interface. Eliminating bird feeders,
especially in remote or isolated areas surrounded by forested habitat, will likely reduce
the frequency of nest parasitism (Tewksbury et
al. 2006). Although maintaining clean riding
stables may reduce the attractiveness of the
area to Brown-headed Cowbirds, continually
removing all animal and food waste in a commercial stable is unfeasible. Localized trapping
of Brown-headed Cowbirds at the riding stable could be implemented as a remedial action
to minimize the attraction of Brown-headed
Cowbirds to the livestock while allowing this
recreational activity to continue. The trapping
and removal of Brown-headed Cowbirds can
be an effective short-term means of reducing
nest parasitism in local geographic areas
(Whitfield et al. 1999, Morrison and AverillMurray 2002, Smith et al. 2002). However,
Brown-headed Cowbird trapping is not a longterm solution and does not always result in
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reduced levels of nest parasitism (Hall and
Rothstein 1999, Sandercock et al. 2008).
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